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Abstract
It is generally assumed that deviations from flavor SU(3) symmetry arise
entirely from the strange-nonstrange quark mass-dierence, reflected in the
mass splittings between strange and nonstrange members of the same SU(3)
multiplet. Under this assumption, a parametrization is proposed which ex-
presses the ratios of Gamow-Teller to Fermi matrix elements for nucleon and
hyperon beta decays entirely in terms of two SU(3)-invariant coupling con-
stants F and D and two parameters γ and  representing SU(3) breaking
eects. Available data do not show any evidence for SU(3) breaking.
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In the Standard Model, based on gauge-interactions of leptons and quarks, if one ignores
the influence of more massive quarks, weak interactions of strange and non-strange hadrons
are induced by the current uγα(1 + γ5)dc with
dc = d  cos + s  sin; (1)
where the particle symbols represent the quark elds and the single parameter [1,2]  char-
acterizes the intrinsic dierence in strength between the weak couplings of strangeness-
changing and strangeness-conserving currents. Had d and s quarks been degenerate in
mass, dc and its orthogonal partner sc would have been equally valid choices for the basis
states (d; s) of charge-(-1/3) quarks, and there would have been no need to introduce  at
all. From this viewpoint, the charged weak current transforms like a SU(2) generator, as it
would be required to if it solely induced d $ u transitions. However, for reasons not yet
understood, it operates in a SU(2) subspace [of the SU(3) space spanned by (u; d; s) states]
which is skewed with respect to the SU(2) space spanned by the (nearly) degenerate (u; d)
states [3]. S=1 weak interactions occur only because the direction in (flavor)- SU(3) space
chosen by the charged weak current, lies outside the subspace which is orthogonal to the
direction containing the more massive s quark.
The description of baryonic beta-transitions in this theory requires, in addition to the
parameter  mentioned above - which we shall take as already determined from comparison
of strange and non-strange meson decays - an additional parameter to determine the relative
contribution of two dierent ways to construct a SU(3)-octet matrix-element between the
initial and nal baryon octet states, even in the limit of exact SU(3) symmetry [2]. In the
Standard Model, this parameter F=D would be determined by the quark structure of the
baryon states which, regrettably, is only poorly known, basically because we do not yet have
a reliable way to calculate hadronic strong-interaction eects. For this reason, empirical
knowledge of this parameter is of great interest. The value deduced from global analyses of
hyperon and nucleon beta-decays has been combined [4] with measurements of deep inelastic
electron or muon scattering from polarized nucleon targets, to make inferences about the
distribution of spin within the nucleon. Because the deduced distributions do not conform to
theoretical expectations, various [5,6] proposals have been advanced to resolve this so-called
\spin crisis". Among these is the suggestion [7] that the eects of SU(3) symmetry-breaking,
arising from quark mass-dierences, may be so large as to invalidate the values of F=D
deduced from the analysis of hyperon beta-decays, which did not take into account such
eects. The aim of this brief report is to present an analysis of baryonic beta-transitions,
including eects of mass-dierences, going beyond the earlier perturbative discussions [8,9],
which appears to be more convenient for the present purpose. Applied to the available data,
we nd no evidence for signicant departure from the SU(3)-symmetric results, in agreement
with our results [10] from a purely perturbative analysis published earlier. The four relatively
well-measured baryonic beta-transitions permit a unique determination of the parameters F
and D, and two additional parameters describing SU(3)-breaking eects, in our approach.
A clear test of our suggested method would be to see if other as yet poorly measured beta
transitions of hyperons are well-described by the same set of four parameters. Section 2
outlines our method of analysis. The assumptions underlying our calculation are stated,
and the resulting formula for gA=gV for baryonic beta-transitions is worked out for the cases
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of interest. By applying this to the available data, we nd the best values for F and D;
two additional parameters, representing SU(3)-breaking eects in our method of analysis,
are found to be not distinguishable from zero, within the reported errors of measurement.
Our conclusions are summarized in Section 3.
2. Baryonic Beta-Transitions including SU(3) Breaking
We shall assume that beta-transitions between octet baryons are induced by vector and
axial-vector charged weak currents, coupled to corresponding V and A currents of leptons.
In the Standard Model, these currents involve transitions between the basic quarks, and
therefore transform as (flavor)- SU(3) octet operators. Under the assumption that all devi-
ations from flavor-SU(3) symmetry arise from dierences between the masses of strange and
non-strange quarks [3], the matrix-elements of the weak current will transform in the same





γµ(1 + γ5)q (2)
where
W = (1 + i2)cos + (4 + i5)sin (3)
and  is Cabibbo’s angle and the -matrices are dened in [1,11]. The generalization of the
assumption that \rst-class" currents [12] are the only ones that occur, is
(G0P )Jα(G0P )−1 = −Jα (4)
where G0 = C:eipiI
0
2 with I 02 = F2cos + F5sin, as would be the case in the Standard Model.
In the allowed approximation [13], which suces to describe the existing data, the general
form of the baryonic matrix-elements, linear in the weak current and in  (dened below),
with the stated transformation properties, is
M = ajjW BBjj+bjjWB Bjj+c(jjWB Bjj−jjW BBjj)+d(jjWBjjjj Bjj+jjW BjjjjBjj)
(5)



















In the SU(3) symmetric limit, the only possible SU(3)-octet matrix-elements between
octet baryons are those given by the rst two terms in Eq.(5). The eects of SU(3)-symmetry
breaking are included in the terms containing
 = (I −
p
38)=3: (7)
The use of the idempotent operator  instead of 8 oers the advantage that higher powers
are automatically included [14].
It is known [15,8] that the eects of SU(3)-breaking, represented here by the operator ,
do not appear in rst order for the vector coupling, and we shall disregard them accordingly.
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With these assumptions, Eq.(5) yields, for the ratio r of Gamow-Teller [16] to Fermi matrix-
elements for the four best-measured beta-transitions [11]:
r1 = (−gA=gV )n!p = F + D + γ; (8a)
r2 = (−gA=gV )Λ!p = F + D=3 + 2(γ + )=3; (8b)
r3 = (−gA=gV )Σ−!n = F −D; (8c)
r4 = (−gA=gV )Ξ−!Λ = F −D=3 + 2(γ − )=3: (8d)
It will be seen that these formulas require, in addition to the two SU(3) parameters F and
D, called for in the symmetric limit, only two further parameters γ and  to describe the
eects of SU(3)-breaking. In principle, all four parameters [17] are uniquely determined by
the four gA=gV ratios [11].
From these equations, we obtain the following relations between F , D, and the two
additional parameters γ, and , required to describe SU(3) breaking, and the reported
gA=gV ratios:
F = 2(r1 + r3)− 3
2
(r2 + r4) (9a)
D = 2r1 + r3 − 3
2
(r2 + r4) (9b)




(3r2 − 2r1 − r3) (9d)
The Gell-Mann-Le’vy-Cabibbo hypothesis, - that the weak currents should transform as
SU(3) octets, - would require that, in the absence of SU(3) breaking eects, each of the two
parameters γ and  should vanish. Inserting the current values [11] for the rj ( j = 1− 4 ),
in Eqs.(9a)-(9d), we nd
F = 0:402 0:085; (10a)
D = 0:742 0:080; (10b)
γ = 0:123 0:164; (10c)
 = −0:020 0:024; (10d)
which shows that, within the stated errors, there is no signicant evidence for SU(3)- break-
ing eects as suggested by some authors. Thus, according to our analysis, the \spin crisis"
cannot be blamed on the eects of SU(3)-breaking and its resolution must be sought else-
where. A critical test of our proposed method of analysis requires better data, and appli-
cation to transitions other than those listed in Eqs.(8). There is a chance that these may
become available [18] in the not too distant future. In principle, measurement of gA=gV
for four dierent baryonic beta-decays uniquely determines the couplings F and D which
survive in the symmetric limit, and two parameters γ and  representing SU(3)-breaking
eects arising from mass-splittings. Measurement of additional beta-transitions would over-
determine the t and provide a test of the theoretical description proposed here to take
account of the SU(3)-breaking eects which must arise from mass-splittings.
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We note that the value
F=D = 0:542 0:128; (11)
deduced from Eqs. (10a) and (10b) is compatible with the representative value: F=D = 0:575
given by earlier investigations [19,20], and used in the spin-structure analyses [21].
3. Summary
Eects of flavor-SU(3) breaking,arising from quark mass-dierences, on hyperon beta-
decays have been phenomenologically analyzed. A scheme is presented, which requires two
additional parameters to describe the eects of SU(3) breaking in the allowed approxima-
tion. Application to the available data indicates that such eects have not yet been clearly
established, and therefore the values of F and D deduced from earlier analyses, ignoring
SU(3)-breaking eects, do not require any drastic revision. Test of the parametrization pro-
posed in this paper, and demonstration of SU(3)-breaking eects in hyperon beta-decays,
requires better data, and also for transitions beyond those taken into account in our numer-
ical analysis.
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